Introduction 22 23
In order to reduce the greenhouse gas emissions produced by the transportation sector, 24 the use of biomass as a fuel or in a mixture with fossil fuels has been promoted by 25 government legislative and financial initiatives. Among the various biofuel 26 technologies, bioethanol has advanced the most. However, bioethanol obtained from the 27 fermentation of biomass, which can come from different sources, needs to undergo 28 several steps of purification. This bioethanol is produced in an aqueous media and must 29 thus be dehydrated before it can be used as a fuel. European legislation permits a 30 maximum of 0.3% water by weight fraction in the bioethanol to be blended with 31
gasoline hybrid processes (distillation/adsorption/vapor permeation [9] , based on liquid-liquid 43 extraction [10] , heteroazeotropic distillation using a gasoline additive as entrainer [11] , 44 extractive batch distillation [12] or a heat-pump-assisted extractive distillation in a 45 single step [13] and comparing them to the conventional process. Though all the 46 techniques presented in these papers seem viable alternatives and arouse improvements 47 in bioethanol dehydration process, the results presented are almost all based on 48 simulation and lack in the majority of cases experimental validation. Thus it is 49 necessary experimental data regarding non-conventional processes for ethanol 50 dehydration. 51 52
These techniques are more or less energy demanding depending on the technique and 53 the separation requirements. Traditionally, the ethanol is purified completely before 54 being used in a fuel blend. However, in the novel process proposed in a previous paper 55 [14] , based on heterogeneous azeotropic distillation, the immediate product already is a 56 fuel blend containing little water, meaning that it can be used directly or added to 57 another fuel on the contrary of the other processes proposed in papers where dehydrated 58 ethanol has to be mixed afterwards and thus intensifying the whole process. 59 60
In a previous study, several pure hydrocarbons (hexane, cyclohexane, toluene and 61 isooctane) [14] were tested as entrainers in the ethanol dehydration process. The results 62
showed that it was possible to obtain a hydrocarbon + ethanol mixture with a negligible 63 water content. The two types of naphtha that were used were provided by Repsol (Cartagena plant -115 Spain). Naphtha 1 was obtained by direct distillation of petrol whereas naphtha 2 was 116 obtained by the catalytic cracking of higher boiling point petrol fractions. The 117 characteristics of both are recorded in Table 2 and Table 3 . These characteristics are 118 quoted by the provider and were checked in this work by means of a 1:100 split-119 injection mass chromatography analysis on both naphtha types, during which a 120 temperature ramp of 5ºC/min was applied, following the procedure outlined in 121 regulation ISO 22854:2014 [15] . A high resolution mass spectrometer (Agilent 7200(Q-122 TOF)) coupled to a gas chromatograph (Agilent 7890B) was employed to this end. As 123 can be seen in Table 3 , naphtha 2 has a higher than usual content in olefins and 124 aromatics as would be expected from the cracking process. 125 126
The distillate curves of the two naphtha types, presented in Figure The first part of the study followed the procedure described in a previous paper ([14] ). 135
A 50 mm diameter Armfield UOP3CC column built to the scale of a semi pilot plant, 136
and fitted with eight plates and covered with Armaflex AF (Armacell Advanced 137 Insulation) insulating material, was used to this end. Two preheated feeds were let onto 138 the first plate, while the heating power in the boiling chamber was varied. A decanter 139 with two outlets after the condenser permitted one of the condensed vapor phases to 140 return to the column. 141 142
The flow diagram of the process is presented in Figure 2 . The two feeds are pumped 143 inside the column thanks to two peristaltic pumps. The hydrocarbon mixture goes 144 through a heat exchanger (HE-6) where it is preheated with the bottom product of the 145 column. Later on this feed and the ethanol one go through two heat exchangers where 146 they are preheated thanks to an oil heating flux (HE-4 and HE-5). Those two preheated 147 feeds enter the column at the top stage. The vapor exiting the top stage of the column 148 condensates inside the condenser (HE-2) where cold water acts as a refrigerant. The 149 condensate arrives to a decanter where it splits in two phases. The organic phase returns 150 to the column after a heating step (HE-3) in the first stage. The aqueous phase 151 containing the majority of water is discharged. The bottom product is the desired 152 product the ethanol + hydrocarbon mixture with little water content and exits from the 153 boiling chamber (HE-1) at half of the boiling chamber height The TM symbols in the 154 figure correspond to thermopar sensors connected to the main control equipment for 155 monitoring and saving the temperature data all along the process. 156 157
In Table 4 are presented the experimental conditions (flow rates, compositions, 158 temperatures…) for each of the experiments on the different mixtures. 159 160
The feed flow rate was maintained constant between experiments. The organic phase 161 from the decanter was returned to the column while the aqueous phase was treated 162
separately. The flow rates of ethanol and entrainer presented in Table 4 permits the 163 obtaining of a fuel blend with an ethanol content of up to 10% by mass (objective for 164 biofuel in transport fuel in the EU for the year 2020) [17] . 165 166 The samples collected from the distillate and bottom product were analyzed by gas 167 chromatography in a Shimadzu GC-14B gas chromatograph with a PORAPACK Q 168 column coupled to a Thermal Conductivity Detector (TCD). The carrier gas was helium 169 at a flow rate of 50 mL/min and an oven temperature of 170 ºC. As in the earlier case, it can be seen that an increase in the power employed increases 229 the distillate flow rate and reduces that of the bottom product. More power reduces the 230 water content in the bottom product to below the detection limit of 50 ppm. 231 232
On the other hand, the greater the power used the more ethanol and naphtha compounds 233 appear in the distillate. As a result, an optimum power exists for which the water 234 content in the bottom product is below the limit and the flow rates of the ethanol and 235 naphtha compounds in the distillate are minimized, avoiding in this case the loss of 236 valuable compounds. Nevertheless, subjecting the distillate to another separation step 237 might make it possible to recover of some of those compounds. 
